Conventional PCR-RFLP for genetic diagnosis of spinal muscular atrophy (SMA)[@ref1] has been considered time consuming and expensive. It requires restriction enzyme (RE) digestion which uses a consi derably high amount of PCR product. If the amount of the PCR product is higher than necessary, this may lead to partial RE digestion resulting in the appearance of undigested PCR product on gel electrophoresis (*i.e*. false-negative results).

The responsible genes for SMA are *Survival Motor Neuron* (*SMN*) genes. The *SMN* genes consist of two highly identical genes; *SMN1* (telomeric *SMN*) and *SMN2* (centromeric *SMN*) which share over 99.8 per cent sequence homology over a 30 kb segment. *SMN1* and *SMN2* can be distinguished by only five nucleotides differences located in intron 6, exon 7, intron 7 and exon 8[@ref2]. Ninety five per cent of SMA patients showed an absence of *SMN1* gene due to either deletion or conversion, thus demonstrating that *SMN1*, not *SMN2*, is the SMA-causing gene[@ref3]. Thus, genetic diagnosis of SMA (*i.e*. detection of *SMN1* deletion) was complicated by the presence of *SMN2* because PCR may amplify the genes unselectively, especially in the presence of high amount of genomic DNA, while all patients carry *SMN2* gene. Allele-specific PCR for the genetic diagnosis of SMA has been described elsewhere from as early as 1999[@ref4]--[@ref9]. However, to the best of our knowledge studies involving high amount of DNA, the amount of which is routinely used for genetic diagnosis, provided conflicting results regarding chances of *SMN2* mis-amplification. In addition, no study has been done to evaluate the cost-effectiveness and time-efficiency of this method over conventional PCR-RFLP. Using relatively larger sample size, we studied the reliability of allele-specific PCR by comparing the test results against conventional PCR-RFLP using high amount of genomic DNA.

Material & Methods {#sec1-1}
==================

This study was carried out from 2003 to 2008 in the Department of Paediatric, School of Medical Sciences, Universiti Sains Malaysia, Kelantan. A total of 126 patients were randomly selected from the patients sent for SMA genetic diagnosis ([Table I](#T1){ref-type="table"}). Whole blood (3-5 ml) was collected from patients. Informed consent was taken prior to blood taking. The study protocol was approved by the Research Ethics Committee (Human) of the Universiti Sains Malaysia. Sample size was calculated using single proportion formula. Genomic DNA was extracted using commercially available kit (GeneAll Biotechnology Co. Ltd., Korea).

###### 

Clinical features of the patients

![](IJMR-135-31-g001)

*PCR-RFLP (Method A)*: All samples were analyzed twice, each using two different methods, method A and method B. Method A refers to the PCR-RFLP as previously described[@ref1]. This method consisted of two steps, PCR amplification and enzyme digestion which used *Dra1* restriction enzyme for exon 7 *SMN*.

*Allele-specific PCR (Method B)*: Method B refers to allele-specific PCR using primer pairs described previously[@ref4], telSMNex7forw 5'-TTTATTTTCCTTACAGGGTTTC-3' and telSMNint7rev 5'-GTGAAAGTATGTTTCTTCCAC*g*TA-3'. Italic uppercase characters indicate the position of nucleotide difference between *SMN1* and *SMN2*, while lowercase character indicates the position of a deliberate mismatch. The primers specifically amplify exon 7 of *SMN1*, not *SMN2*. This method consisted of only one PCR amplification step. Positive or negative interpretation was determined visually on agarose gel electrophoresis by the absence or presence of the *SMN1* exon 7, respectively. To monitor the efficiency of PCR amplification, a housekeeping gene (β-globin) was used as a reference gene, with the primers 5-ACCTCACCCTGTGGAGCCAC-3 and 5-CTCACCACCAACTTCATCCAAG-3. One reaction of 20 μl of PCR mixture contained 80 - 200 ng of genomic DNA, 0.4 μl of 10 mM dNTPs, 1.2 μl of 25 mM MgCl~2~, 4.0 μl of 5x PCR buffer, 0.75U *Taq* DNA polymerase (Promega Corporation, Madison, USA) and 1.5 μl of each 10 pmol of an allele specific primer pairs and 0.5 μl of each 5 pmol of an internal control primer pairs (Sigma-Proligo, The Woodlands, TX, USA). The PCR cycles included an initial denaturation at 94°C for 7 min, followed by 33 cycles of 94°C for 1 min, 59.7°C for 1 min, 72°C 1 min before a final extension at 72°C for 7 min. The PCR product was then directly visualized under the UV light, using 2 per cent agarose gel. PCR product of *SMN1* was visualized at the corresponding size of 307 bp, while that of β-globin was at the size of 240 bp.

*Cost and time evaluation*: The cost and time for both methods were compared to evaluate the cost-effectiveness and time-efficiency of allele-specific PCR over PCR-RFLP.

Results & Discussion {#sec1-2}
====================

Of the 126 samples tested, 54 (43%) were found to have *SMN1* exon 7 deletions. The findings ([Fig.](#F1){ref-type="fig"}) from both methods were in complete agreement, suggesting that both methods performed with the same reliability. Evaluation of time-efficiency for both methods showed that method B was five times more rapid than method A. Evaluation on the cost-effectiveness showed that method B was more cost-effective (68%) compared to method A ([Table II](#T2){ref-type="table"}).

![*SMN1* (exon 7) deletion analysis using method (A) and (B). In method (A), deletion or non-deletion is indicated by the absence or presence of the first band (188 bp). The second band (164 bp) shows the presence of *SMN2* (exon 7). In method (B), deletion or non-deletion is indicated by the absence or presence of the first band (307 bp). The second band (240 bp) indicated the presence of reference gene (β-globin). Molecular markers were electrophoresed in the "Mk" lane and a control PCR product in the "--ve" lane. Patients 1, 2, 4, 5, 6, 8 show deletion of *SMN1*. Patients 3, 7, 9 show non-deletion of *SMN1*.](IJMR-135-31-g002){#F1}

###### 

Comparison of time-efficiency and cost-effectiveness between PCR-RFLP and allele-specific PCR in SMA genetic diagnosis
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We have been using the primers described by Feldkötter *et al*[@ref4] for gene-specific copy number analysis of *SMN1* and *SMN2* as a diagnostic procedure in our laboratory and found that our results were consistent[@ref10][@ref11]. However, the experiments were done with relatively low amount of DNA, by which the chance for *SMN2* mis-amplification was very small.

In this study, 54 samples showed deletion in *SMN1* gene exon 7. Among the remaining 72 patients without *SMN1* deletion, nine were categorized as clinically SMA ([Table I](#T1){ref-type="table"}). Patients without apparent deletion of *SMN1* may not be excluded from the SMA diagnosis since possibility remains that they might carry point mutation which can only be identified through DNA sequencing.

Our analyses showed that allele-specific PCR was a time-efficient and cost-effective method. It may also reduce the risk for experimental errors since it involves fewer steps.

The main differences of the method described here compared to other similar methods is the design of the primers, the usage of conventional PCR method and the usage of a relatively higher amount of genomic DNA than the amount which is routinely used for SMA genetic diagnosis. Using primer pairs described by Feldkotter *et al*[@ref4]. We could specifically amplify *SMN1* in the existence of relatively high DNA amount (80 - 200ng), without mis-amplifying *SMN2*, thus enabling the use of the method for routine genetic testing of SMA. However, the use of higher amount of DNA in this study has not provided evidence if the test is still reliable in the presence of much lower DNA amount as described elsewhere[@ref5][@ref8]. This could be a major hurdle for applications such as preimplantation genetic diagnosis (PGD).

The primers were selected because these fulfilled the criteria for highly-efficient allele-specific amplification for utilizing two nucleotides differences between *SMN1* and *SMN2* in exon 7 (c.840C\>T) and intron 7 (c.888+214A\>G) and a deliberate primer mismatch simultaneously in one PCR reaction. *SMN1* carries the C and A in its exon 7 and intron 7, respectively. The forward primer (telSMNex7forw) incorporated the C at its first nucleotide at the 3' end, while the reverse (telSMNint7rev) combined an incorporation of A at its 2^nd^ nucleotide before the 3' end and a deliberate mismatch at its 3^rd^ nucleotide before the 3'end (G instead of A). Newton *et al*[@ref12] showed that a deliberate mismatch near to the primer\'s 3'end increased its amplification specificity. Therefore, the primer pair described by Feldkotter *et al*[@ref4] contained three characteristics, a specific forward, a specific reverse and a deliberate mismatch.

Similarly, specific primers may be designed to detect the presence or absence of *SMN1* exon 8. However, we concentrated only on exon 7 of the *SMN1* gene in this study because it is the only region with the clinical significance for the diagnostic screening of SMA[@ref13]. The summary of the previous studies were shown in [Table III](#T3){ref-type="table"}.

###### 

Summary of previous studis on diagnosis of SMA using allele specific PCR
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In conclusion, our study demonstrated the reliability of allele-specific PCR for diagnostic screening of SMA. The accuracy of this method was comparable with that of PCR-RFLP, and it was cost-effective. Thus, it can be applied to routine diagnostic screening of SMA.
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